. Increasing the non-specific immunity to provide shrimp with a broad-spectrum defensive ability may effectively and practically protect them from infection.
Animal peptide antibiotics are widespread in nature, occurring in mammals (Lee et al., 1989) , amphibians (Zasloff, 1987) , fish (Cole et al., 1997) , insects (Boman, 1991) and crustaceans (Destoumieux et al., 1997 ). These peptides are major constituents of the innate immune system for non-specific defense of the host against microbial invaders. This type of defense can be rapidly activated after injury or invasion of the host by microbial agents. This is done by combating parasitic growth immediately after infection. Antimicrobial pep tides thus provide an important defense mechanism in animals and the first line of host defense during the time required for mobilization of specific immunity in verte brates. Cecropins, the highly basic and amphipathic small peptides, have been induced and isolated from insects (Hultmark et al., 1980; Hoffmann et al.,1981; Flyg et al., 1987; Matsumoto et al., 1986; Dickinson et al., 1988) and porcine (Lee et al., 1989) . They have broad-spec trum bactericidal activity. In the past, many researchers reported that cecropins could inhibit the growth of bacte ria, both Gram positive and Gram negative (Qu et al., 1982; Lee et al., 1989) . Synthesized cecropins have also been reported active against bacteria that are pathogenic to plants (Nordeen et al., 1992) and insects (Hultmark et al., 1982) . At lethal concentrations, they are active against protozoa, fungi, enveloped viral patho gens and cancer cells without apparent deleterious effect on host cells. Chalk et al. (1995) reported that cecropin could attenuate the motility of microfilariae. Brugia pahangi, a human pathogenic nematoda. However, only one paper has been documented in rela tion to the antimicrobial activities of cecropin peptides on fish pathogens including four bacterial species (Kjuul et al., 1999) . Neither the antimicrobial activity of the pep tides on the pathogens of the other aquatic organisms such as bivalves and crustaceans nor the cytotoxic effect has been assessed for therapeutic purpose.
It will be of interest to see whether such peptides, when expressed or given passively in vivo, will play safely a protective role in cultured shrimp.
In the present study, cecropins were assessed in terms of its in vitro antimicrobial activity against some prevalent aquatic pathogens using a radial diffusion assay. Effect of salinity on the bactericidal activity of cecropin was also evaluated using a plate count method. Minimal inhibi tory concentration and minimal bactericidal concentra tion of cecropin on Vibrio and cytotoxic concentration of cecropin on shrimp hemocytes using a 51Cr-release as say were also measured. Radial diffusion method The diffusion method was done mainly according to Hultmark et al. (1982 Hultmark et al. ( , 1983 . Culture plates were made on a leveling table from 6.8 mL of the melting LB agar ose (LBA, 1%) and the final concentration of cultured cells was 105 CFU/mL. E.coli strains such as D21, D31 and JM107, the cecropin-susceptible strains, were used as the positive bacterial control. Micrococcus lysodeikticus (Sigma, ATCC4698), the cecropin-non- (Lu et al., 1998) . These results indicate that cecropin peptides provide antimicro bial activity with a broad spectrum, although the growth inhibitory activity was not found against Edwardsiella tarda, Flavobacterium columnare, Flexibacter maritimus and V. vulnificus biogroup II (Table 1) . Kjuul et al. (1999) reported that Edwardsiella ictaluri was less sensi tive to cecropin, which could be attributed to the struc ture differences in the bacterial cell wall. Zaldivar (1985) found that the outer membrane of F. columnare was surrounded by galactosamine-rich secretion in TEM preparations treated with ruthenium red. Whether the high-molecular-weight amino sugars interfere the chan nel formation and/or blebbing of the outer membrane that are known to be essential steps in the mechanism used by cecropins to kill live bacteria is not clear. Apparently, lysozyme does inhibit growth of Gram-posi tive bacteria such as Bacillus subtilis ATCC6051 and ATCC6633 (Song and Lin, unpublished data) , Micrococ cus lysodeikticus and pathogenic yeast strains. Growth inhibitory activity of lysozyme was not found on Gram -negative bacteria although a high dose was applied in the present study. Since most bacterial diseases of cul tured aquatic organisms are caused by Gram-negative group, a limited potential will be expected on lysozyme in the treatment of infectious diseases of aquatic organ isms. those in LB (1% NaCl), although cecropin A appears to be more potent than the B form. In NaCl susceptibility test (Fig.1) , the killing activity of cecropin performed well in a low concentration (0.1-0.3 M NaCl) but was decreased in a high concentration (0.5 M NaCl). Kjuul et al. (1999) reported that the antibacterial effect of cecropin peptides was strongly reduced with increased concentration of NaCl in the growth medium. Kjuul et al. (1999) and Yomogida et al. (1997) 
